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INTRODUCTION
Studies have been made which indicate that selenium serves as a 
micronutrient for some plant species. Most of the experiments have 
been with the genus Astragalus ^eguminosae). Approximately 24 
species of Astragalus as well as a few species of Xylorrhiza 
(Compositae), of Oonopsis (Compositae), and of Stanleya (Cruciferae) 
are listed in Beath § Rosenfeld as being found only in seleniferous 
soils. These species can all accumulate selenium in sufficient 
quantities to render them toxic to livestock (Rosenfeld § Beath 1964).
A more recent development is that of the possibility of selenium 
being a trace element for animals. In one instance there is growing 
concern in the Bitterroot Valley of Montana that selenium may actually 
be present in insufficient quantities for livestock (Graham 1967).
The literature also indicates that there are several members of 
the genus Astragalus which although also capable of growing along 
with the so-called "accumulators” in seleniferous soils, do not them­
selves accumulate selenium. As a result of these findings Trelease 
and Trelease (1938 & 1939) conducted experiments in nutrient and sand 
cultures to test the hypothesis that selenium may be a stimulating or 
possible trace element for several species of Astragalus (Trelease & 
Trelease 1938 § 1939). The results of these experiments showed that 
selenium in all concentrations used did act as a stimulator to certain 
accumulators, and that racemosus, a known accumulator, when grown in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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selenium-free culture solution grew slowly in comparison with other 
plants of this species that received the element. Marked stunting of the 
plants was evident in about 3 weeks in the absence of selenium in the 
culture solution. The non-accumulators A. crassicarpus and A, drummondii 
grown in concentrations as low as 0.33 ppm of selenium were severely 
injured when compared to those in selenium free solution (Trelease & 
Trelease 1939).
Because of marked difference in response to selenium by species 
of Astragalus otherwise very similar morphologically a study was 
undertaken of the biochemical pathways of selenium compounds of both 
types of plants, by several researchers.
A crystalline amino acid complex found in pectinatus (an 
accumulator) was identified by Horn § Jones (1941) as a mixture of 
cystathionine and its selenium analogue. Two amino acids were 
identified by Trelease et. al. (1960) in bisulcatus, as selenium- 
methylcysteine and selenium methylselenocysteine.
Later experiments by Shrift et. al. (1963) showed that the 
predominant seleno-amino acids found in non-accumulators was 
selenium-methyl-selenomethionine in contrast to the predominant 
compound in accumulators being selenium-methyl selenocysteine. It 
should be noted also that small quantities of the amino acids found 
to be predominant in one type of plant were found in the other type.
A very interesting aspect of the difference in chemical consti­
tuents between non-accumulators and accumulators was reported by 
Petersen and Butler (1967) using Neptunia amplexicaulis, a selenium-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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accumulating herbaceous legume endemic to Central Queensland, Australia. 
Selenocystathionine was a prominent amino acid in this species but 
there was no trace of either selenium-methyl selenocysteine or 
selenium methylselenomethionine.
Selenocystathionine was previously isolated from Astragalus 
pectinatus (Horn § Jones 1941) and identified in Stanleya pinnata 
(Virupaksha et. al. 1963). Also, as was pointed out by the researchers 
(Virupaksha et. al. 1963) selenocystathionine was not formed in 
detectable amounts by selenium accumulators - A. crotalariae,
A. bisulcatus and Oonopsis condensata - because of the particular 
experimental conditions.
More recently human intoxication by seleno compounds has been of 
some concern in Central and South America. Seleno cystathionine 
was isolated from coco de mono, Lecthyis ollaria,and found to be a 
pharmalogically active factor, since ingestion of the fruit resulted in 
acute symptoms of abdominal discomfort, nausea, vomiting and diarrhoea 
with later loss of hair (Aronow et. al. 1965). The work of Aronow and 
Wagner, in which they identify the chemical as the seleno analogue 
of cystathionine, does add a new genus to those known to produce 
seleniura-amino acids.
Cystathionine is a key intermediate in the metabolic conversion 
of methionine to cysteine and also in the synthesis of methionine 
from cysteine in micro-organisms (Virupaksha et. al. 1963). It is not
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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known if selenocystathionine would perform a similar role in the synthesis 
of seleno amino acids.
Another difference between the two types of species is the ability 
of the non-accumulators to make a seleno-peptide which contains glutamic 
acid. The peptide is not formed in appreciable amounts by the accumu­
lator species of Astragalus (Virupaksha & Shrift 1965).
Beath also points out that the seleno-amino acid isolated from 
Astragalus (Rosenfeld § Beath 1964) was a free amino acid since the 
procedure used was not drastic enough to break the protein bonds or 
peptide links.
In the experiments involving selenium accumulator and non­
accumulator plants in the uptake and assimilation of selenite 
(Petersen § Butler 1962), it appeared that for accumulators selenium 
was predominantly in the free amino acid fraction whereas for non­
accumulator plants, incorporation of selenium was predominantly in 
the protein-bound amino acids.
As Virupaksha and Shrift pointed out, the ability or inability to 
make certain compounds does not as yet explain why some species 
apparently require and accumulate selenium whereas others are poisoned 
by very low concentrations of selenium salts. Shrift later suggested 
in a personal interview the possibility that A. bisulcatus could grow 
without selenium.
As a result of all these findings and the questions raised by 
the aforementioned researchers, experiments involving the growth of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the accumulator A. bisulcatus in selenium and selenium-free nutrient 
solutions were started in the U. of M. greenhouse in August of 1966.
No significant difference in growth was noted between plants 
with or without selenium until 3 months later, when there was a 
greater increase in growth of plants growing in selenium as compared 
to controls. At this point the plants in selenium were discarded 
and only selenium-free plants were continued in nutrient solutions 
in efforts to obtain seeds.
In September of 1966 seedlings of A. bisulcatus were also 
placed in pots in the greenhouses at the U . of M. Plants without 
selenium survived and grew fairly consistently in the greenhouse with 
lower temperatures when compared with others growing in a greenhouse 
with day temperature occasionally approaching 100°F. Selenium sig­
nificantly increased survival for those plants in higher temperature.
On the basis of these preliminary results it seemed worth testing 
whether a plant could grow in varying concentrations of selenium 
as well as without selenium. This might prove valuable in such 
experiments as a study of the relationship of selenium concentration 
to virus synthesis, and the ability of plants to resist heat.
More recently in a personal conversation with Professor Morris 
of the U. of M. School of Forestry, he reported observing A. bisulcatus 
growing in areas of Montana which from a geological standpoint he did 
not expect to be seleniferous. Prof. W. E. Booth of the Dept, of 
Botany at Montana State University had also collected a sample of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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A. bisulcatus in an area around Deer Lodge not previously shown to 
be seleniferous. Also the fact that non-accumulators and accumulators 
share like forms of seleno acids (although in different ratios) could 
indicate a possibility that certain species previously described as 
growing only in selenifereous soils may be able to also grow in non- 
seleniferous soils.
The objectives of this study therefore were, first, to test the 
hypothesis that bisulcatus might not be a true indicator of seleni­
ferous soil in Montana, secondly, to determine whether 
selenium is an essential micronutrient for this species, and thirdly, 
to test various methods for reducing the content of selenium in seeds 
and seedlings of accumulators prior to experimental use.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
METHODS
A list of locations from which A. bisulcatus has been collected 
in Montana was obtained from the Dudley Herbarium at Stanford Univer­
sity and the Herbarium at the University of Montana. Several sites 
were suggested by Dr, Booth and Prof. Morris.
A. Field Trips
Field trips were made to several areas where A. bisulcatus and 
other Astragalus sp. eg: A, drummondii were collected.
1, The first site was visited on June 7th, 1967 in the 
Deer Lodge area suggested by Dr. Booth and Mr. Traske.
Mr. Barney Traske is an amateur plant collector residing in 
Deer Lodge. No accumulating seleniferous vegetation had 
been previously reported to occur this far west in Montana; 
and therefore the possibility that A. bisulcatus could be 
growing on non-seleniferous soil was investigated. The 
plant was not in bloom at the time.
This site was later located 1.7 miles on the prison farm 
road west of Kentucky Ave. and Milwaukee Ave. intersection, on 
the left side of the road opposite the site of a target range.
A. bisulcatus was collected on July 11th, 1967 by Traske et. al. 
and plant material was analyzed.
2. Several sites in Montana were visited on June 12th and 
13th. A. bisulcatus was found only in Bonner Memorial Campground 
located on the eastern shore of the reservoir approximately 4 
miles from the top of the Canyon Ferry Dam. The top of the dam
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is located 8.7 miles on secondary road 284 east of the 
junction of 284 and Highway 287 or 1.5 miles from Cave Bay Lodge.
3. A. bisulcatus was collected by Dr. Booth at Ringling, 
Montana in August of 1967, a site located 1 mile south of Ringling,
4. Another trip was made on July 21st, 1967 to check the 
area located on the roadside along Highway 271 between the 
junction of Highways 271 and 20 and Helmville. A. drummondii 
was collected.
5. On June 29th, 1968 a field trip was made to the site 
suggested by Prof. Morris on road cuts of Highway 20 near Rogers 
Pass. A. bisulcatus and drummondii were collected along both 
sides of the fence and in pasture approximately 1.4 miles along 
Highway 20 east of the junction of Highways 434 and 20.
6 . Several of the areas were revisited in the summer and 
fall of 1967 as well as the summer of 1968, to obtain plant 
material and gain geologic knowledge of the areas.
B. Selenium Analysis
Analysis for selenium in plant material was carried out by 
several methods.
1. Plant material (seeds.o f ’A. bisulcatus obtained from 
Dr. 0. Beath) was ground to a powder. A methyl cellulose 
tablet was made and the powder to be analyzed was added so that 
it entirely covered the methyl cellulose. These tablets were 
then placed in the X-ray fluoroscopy machine. The method was 
similar to that used by Handley (1960).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Soil material (University of California Mix) was watered 
by NaSe0 3  (sodium selenite) solutions of concentrations from 
5 ppm - 20 ppm Se and methyl cellulose tablets were then made 
and tested in the X-ray machine.
2, Several samples of material collected were sent to the 
Chemical and Bacteriological Laboratory at Laramie, Wyoming for 
analysis. This laboratory uses the following methods;
a. Journal of Association of Official Agricultural 
Chemists, Vol. 48 p. 322 (1965)
b. Standard Methods for the Examination of Waste and 
Wastewater, 12th Edition, American Public Health 
Association, New York 1965 p. 250
3, Mr. David L. Carter of the Soil and Water Conservation 
Research Division at the Snake River U.S.D.A. Center, Kimberly, 
Idaho, was kind enough to do determinations using a micromethod 
of Allaway and Cary (1964).
4, I performed several analyses in the U. of M. Dept, of 
Botany laboratory using a version modified from Chessin and 
Duff (1965).
The method was modified as follows:
1 gram of material was used instead of 0.5 
gram and 20 ml. of a 1:1 mixture of HNO3 G 
HCIO4 (same concentration) was used as the 
digestive mixture.
The H 2 O 2 treatment was omitted. The procedure 
for color development was used, but readings
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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were taken on the Klett-Summerson photoelectric 
colorimeter using a blue filter.
C. Testing the Essentiality of Selenium for Astragalus bisulcatus
1. Selection of Species
A. bisulcatus was chosen for this study because of 
results obtained from studies by Dr. Meyer Chessin 
(unpublished). A. racemosus was used to obtain compar­
isons with A. bisulcatus since results of experiments by 
Trelease and Trelease (1938) did not agree with the 
former’s findings. A. drummondii (a non-accumulator) 
had also been used in previous experiments (Rosenfeld § Beath, 
1964) and therefore was chosen to obtain comparisons between 
a non-accumulator and an accumulator.
2. Field Study
Plants of A, bisulcatus which were previously growing 
in the greenhouse in selenium-free University of California 
Mix were transplanted because they were pot bound, to the 
U. of M, experimental garden in presumably selenium-free 
soil.
3. Laboratory Studies
Germination of all seedlings for laboratory studies 
was carried out in the following manner. Seeds of A. bisul­
catus and k. racemosus (an accumulator) pretreated with 
H 2 SO4 were obtained from Prof. Beath,
All seeds were soaked in distilled water, approximately
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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100 seeds weighing 620 rag. to 50 ml. water for 24 hours.
The water was then poured off.* Seeds were then aerated 
in Erlenmeyer flasks (size dependent on number of seeds, 
e.g. 100 seeds to a 125 ml. flask) for ten days until the 
seedlings were approximately 4 cm. in total length. The 
water was changed daily.
For experiments in nutrient solutions, metal tanks were 
used. They had a volume of approximately 21 liters and had 
tightly fitted covers that had either 15 or 28 circular 
holes. The sides were painted with Biturine Solution, a 
non-toxic product of the General Paint Cooperation of 
Spokane, which was not soluble in the nutrient solution 
and was a protective measure against rusting.
Seedlings were mounted one to each paraffined cork. 
Cotton.was used to secure seedlings in the corks.
Air was supplied to each tank by glass aerators from 
a main supply.
All plants were grown under greenhouse conditions.
The greenhouse is kept at a mean day temperature of 75°F. 
and 60°F. night temperature during the late fall, winter 
and early spring months. In the midsummer months day tem­
peratures rarely reach a maximum of 105°F. with night 
temperature at 60°F, The main air supply is kept at 
approximately 80 pounds pressure.
Incandescent bulbs were used to supplement the light 
supply during the daylight period of cloudy or dark days.
* All water from earlier washings and experiments was retained for 
analysis.
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Seeds of A. bisulcatus, A. racemosus and A. drummondii
(Rosenfeld ^ Beath 1964) were obtained in a personal field 
collection from the Canyon Ferry site and were grown together 
in selenium-containing and selenium-free solutions.
All culture solutions consisted of full strength 
Hoagland’s Solution (Machlis & Torey 1956). Iron was 
supplied by Sequestrene*, a commercial product of Geigy 
Agricultural Chemicals, New York, Solutions were changed 
once every two weeks for the first six weeks after plants 
were inserted in tanks and at weekly intervals thereafter. 
Growth measurements were taken for all plants once weekly 
in the early period and then once every two weeks.
Fresh weights were determined when plants were removed 
from the tanks. Dry weight was obtained after plants were 
dried in a forced-draft overn at 60^C for approximately 
6 hours.
D.. Cotyledon Removal
Another aspect of the laboratory studies was performing cotyledon 
removal at different periods after germination to try to remove as 
much of the endogenous selenium as possible consistent with seedling 
survival (suggested by Prof. Morris).
All seeds used for this experiment were soaked, washed and 
aerated and placed in sand for a few days, then potted one to a small 
2%” flower pot, for individual treatment, or 28 to a flat containing
* See appendix.
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U.C. Mix giving all the same treatment. Pots were kept in the green­
house under natural daylength.
The number of surviving plants in relationship to the time of 
cotyledon cutting was noted.
After 4 months of growth in the greenhouse some plants were 
transplanted out of doors with the hope of obtaining seeds. Other 
plants were harvested and retained for analysis.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
RESULTS
A. Field Trips
1. Plant material of A. bisulcatus collected at the Deer Lodge 
site was analyzed by the Wyoming Lab, Carter, and by me and had a 
concentration range of 1 - 100 ppm. The site is located on what appears 
to have been the spur of a glacier in the Deer Lodge valley. At my 
request Dr. Arnold Silverman, Prof. of Geology, U . of M . , carried out
a physical examination of the soil in the Deer Lodge area and indicated 
that it was made up possibly of terrace gravels and claystone products 
of glaciation in the Pleistocene era.
Since products of glaciation are not usually considered to be 
good sources of selenium, other possible sources were investigated.
After a personal interview with Prof. Konizeski of the School of 
Forestry, who called my attention to the occurrence of volcanic ash 
in several valleys of western Montana, the Deer Lodge valley was 
investigated. Approximately 0.4 miles west from the site where _A, 
bisulcatus was found a grey outcropping was located on a slight elevation 
The outcropping also appears on the east side of the road. One plant of
A. bisulcatus was located approximately SO feet below the outcropping.
Tin Pan Creek flows from the Flint Creek Mountains, passes by the ex­
posed cuts and waters the prison farm pasture land. Material from the 
volcanic ash was analyzed by the Wyoming Lab and was found to contain
0.1 ppm S e .
2. The Canyon Ferry plant material was found to contain 10 ppm 
Se. The physical characteristics of the soil at this site suggests
14
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silts of lake origin with a few small pebbles of sand-stone.
Analysis of a flaky, powdery-textured rock obtained from the sides 
of the roadway at the site showed 0.08 ppm Se. A greyish outcropping 
also occurs 500 feet east and above the site and the Heligate Gulch 
drains from the hillside into the reservoir.
3. Plant material collected at Ringling was analyzed and a 
range of 2 - 18 ppm Se was detected.
4. A check of the following Montana areas cited by Hitchcock 
et. al. (1961) as sites for bisulcatus proved to be negative.
a. Powell Co., open sagebrush benchland 13 miles west of 
Lincoln on Ovando Road.
b. Broadwater Co., in small ravine 10 miles south of 
Helena on road to Townsend.
5. The plant material of A. bisulcatus collected along highway 
20 was analyzed by the Wyoming Lab. A concentration of 4.82 ppm
was detected. Geology of the area has been described by Widmer (1959) 
He considers the area to be an equivalent of the Bearpaw Shales, and 
specimens of seleniferous vegetation found in Bearpaw Shales of 
Montana contained rather high concentrations of selenium (Rosenfeld 
S Beath 1964).
B. Selenium Analysis
1. Use of the X-ray fluoroscopy machine was discontinued in 
this study after I determined that it was not possible for the 
technique to detect Se in quantities below 10 ppm. Handley (1960) 
obtained similar results while using this technique.
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C. Testing the Essentiality of Selenium for Astragalus bisulcatus
1, Selection of Species
Table I shows the growth relationship between plants of A. 
bisulcatus and solutions containing 0 - 3  ppm S e . Culture period 
was from May to August 1966. Selenium acted as a stimulating influ­
ence only after 3 months in plants supplied with 1 ppm Se. Fig. 1 gives 
results of a second nutrient culture experiment started in Sept. 1966. 
Five tanks with 15 plants each of A. bisulcatus were grown in nutrient 
culture; 2 tanks with 1 ppm Se and 3 tanks in 0 ppm Se solution.
Growth measurements were taken at several intervals. In January 1967,
4 months after the experiment was started, the plants in the tanks 
which were supplied with 1 ppm Se did show better growth than Se-free 
controls. At that time the plants in the Se-free solutions were 
maintained with the hope of getting seeds.
One of the above plants bloomed in May of 1967 and seeds were 
produced; 17 seeds reached maturity. Germination of these seeds 
produced negative results. All plants were harvested in August 1967 
Analysis by the Wyoming Lab detected 0,18 ppm Se in the plant that 
flowered.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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TABLE I - Effect of Selenium Concentration on Growth of A. bisulcatus in Nutrient 
Solution from 12th May, 1966 to 4th August, 1966.
TREATMENT AVERAGE 
(ppm Se) STEMS/PLANT
AVERAGE 
LEAVES/PLANT
AVERAGE 
Cm/STEM
AVERAGE
Cm/LEAF
AVERAGE 
FRESH WEIGHT 
(Root System)
AVERAGE 
FRESH WEIGHT 
(Shoot System)
0 1.25 9.6 17.8 7.4 68.2 gms 106.7 gms
1 1.06 8.2 22.3 8.1 68.6 gms 111.0 gms
3 1.33 7.1 18.0 7.7 57.3 gms 99.1 gms
27 1.22 7.7 20.7 7.8 48.3 gms 90.0 gms
Note; 27 plants of A. bisulcatus were used in each treatment.
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Fig. 1 - Effect of Selenium on Stem Height of A. bisulcatus
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2 . Field Study
Seven of the 17 plants of bisulcatus which were planted in 
individual pots with Se-free U. C. Mix on 14th October 1966, and which 
later were transferred to the presumably Se-free soil in the U of M. 
experimental gardens in September 1967 suvived. One plant flowered 
in late June 1968. In May of 1969 all seven plants flowered and a 
good crop of seeds were collected during August 1969.
3 Laboratory Studies
a. Germination procedure - Analysis of seeds of A. bisulcatus 
used in these experiments showed a concentration of 482 
ppm Se. When the water from washings was analysed, it 
contained approximately 280 ppm Se„
b, Nutrient Culture - On 3rd March 1968, 17 plants of
A. bisulcatus and 10 plants of racemosus were trans­
ferred to a tank with Se-free nutrient solution Fig 2 
shows the time course of growth of the plants. Table VI 
summarizes the fresh and dry weights in relationship to 
height in all nutrient culture experiments One of each 
species of plant from this experiment was analyzed and 
the ratio of 2:1 ppm of Se was detected for A. bisulcatus 
and A, racemosus respectively.
On 20th May 1968 several tanks were set up as follows;
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fig. 2 - Time Course of Growth of Astragalus species in 0 ppm Se.
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TABLE II - Summary of treatments in nutrient solution.
# TANK TREATMENT 
(ppm Se)
# PLANTS SPECIES
2 0 15 A. bisulcatus
2A 1 15 A. bisulcatus
3 0 15 A. racemosus
4 1 15 A. racemosus
7 0 9 A, bisulcatus
6 A. racemosus
8 1 9 A. bisulcatus
6 A. racemosus
Fig 3a shows the effect of selenium on stem height of A. bisulcatus 
grown in 0 ppm and 1 ppm S e „ (Tank #2 and #2a. Table II) There was 
no appreciable difference in growth between treated and control plants 
Average fresh and dry weight are as follows:
TABLE Ilia - Effect of selenium on weights of A., bisulcatus.
# t a n k TREATMENT 
(ppm Se)
# PLANTS WEIGHTS (gms) 
Fresh Dry
2
2A
0
1
15
IS
4.46
5.00
0.92 
0 95
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Fig. 3a - Effect of Selenium on Stem Height of A. bisulcatus 
in 0 ppm and I ppm Be.
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Fig. 3b - Effect of Selenium on Stem Height of A. bisulcatus,
0 ppm Se
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Fig. 3c - Effect of Selenium on Stem Height of Astragalus species.
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Figo 3b shows the effect of selenium on stem height of A, bisulcatus 
in solutions with 0 ppm and 1 ppm Se„ In this experiment the growth 
of racemosus in 0 ppm Se showed a sizeable increase over the 
treatment of 1 ppm after the sixth week. Average fresh and dry 
weights are as follows:
TABLE Illb - Effect of selenium on weights of A. racemosus.
# TANK TREATMENT 
(ppm Se)
# PLANTS WEIGHTS (gms) 
Fresh Dry
3
4
0
1
15
15
10.6
9.9
1.60
1.49
Figo 3c shows the effect of selenium on stem height of the two 
accumulators bisulcatus and A. racemosus in 0 ppm and 1 ppm Se. 
Time course of growth for each species compares with results obtained 
in experiment shown in Fig. 1. Again there is no appreciable differ­
ence in growth between plants with and without selenium. Average 
fresh and dry weights are as follows:
TABLE IV - Effect of selenium on weights of A. bisulcatus and 
Ao racemosus.
# TANK TREATMENT 
(ppm Se)
# PLANTS SPECIES WEIGHTS (gms) 
Fresh Dry
0 6
9
6
9
racemosus 
A. bisulcatus
A. racemosus
A. bisulcatus
4.40
5.90
2.90 
6.27
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0.77
0.87
0.44
26
Stem height In cm.
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Stem height in cm.
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On June 18th, 1968 two tanks were set up as follows: 9 plants
each of A. bisulcatus, drummondil [non-accumulator) and 
racemosus in each tank. One tank was maintained with 0 ppm Se and 
one with 1 ppm Se. Fig. 4a and 4b shows the time course of 
growth between the three species of 0 ppm Se and 1 ppm Se solution 
respectively. Weights compare as follows:
TABLE V - Effect of selenium on weight of Astragalus species.
# TANK TREATMENT 
(ppm Se)
# PLANTS SPECIES WEIGHTS
Fresh
(gms)
Dry
5 0 9 A. bisulcatus 1.24 0.18
0 9 A . druramond i i * 0.24 0.04
0 9 A. racemosus 0.93 0 . 1 2
6 1 9 A. bisulcatus 1.25 0.15
1 9 A. drummondii* 0.32 0 .0 b
1 9 A. racemosus 0.87 0 27
* non-accumulator
There was a slight increase in the height as well as fresh weight 
of ^  bisulcatus in treatment of 1 ppm Se. Selenium analysis done 
for one plant from each tank for A. drummondii detected a ratio of 
5-100 ppm for plants grown in 0 ppm and 1 ppm Se respectively.
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TABLE VI - Effect of Selenium Treatment on Stem Height and Weight of Non-accumulator 
and Accumulator Astragalus Species.
# TANK TREATMENT 
(ppm Se)
# PLANTS SPECIES HEIGHT 
(in cm)
FRESH WEIGHT 
(in grams)
DRY WEIGHT 
(in grams)
1 0 17 A. bisulcatus 72.05 19.3 4.5
0 10 A. racemosus 54.8 3.68 1.2
2 0 15 A. bisulcatus 27.8 4.46 0.92
2A 1 A. bisulcatus 30.3 5.0 0.95
3 0 15 A. racemosus 50.6 10.6 1.60
4 1 15 A. racemosus 38.0 9.9 1.49
5 0 9 A. racemosus 11.5 0.93 0.12
0 9 A. drummondii* 12.1 0.24 0.04
0 9 A. bisulcatus 11.9 1.24 0.18
6 1 9 A. racemosus 8.7 1.00 0.15
1 9 A. drummondii* 13.2 0.39 0.06
1 9 A. bisulcatus 12.5 0 . 6 8 0.15
7 0 A. racemosus 24.0 4.4 0.5
0 9 A. bisulcatus 32.7 5.9 0.77
8 1 6 A. racemosus 24.0 2.9 0.44
1 9 A. bisulcatus 31.9 6.27 0.87
8
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^^8 *  ̂” Effect of Cotyledon Removal on Stem Height of A. bisulcatus at Various Intervals of Cutting.
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* Cotyledons for Al were removed at time of planting,
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3 Laboratory Studies (continued)
c. Fig, 5 shows the effect of cotyledon removal on growth
of young seedlings at different intervals. The seedlings 
were planted on January 31st, 1968, one plant to a pot 
with a total of 45 pots.
Table VII shows dates of cotyledon removal on 7 groups of 
9 - 2 7  seedlings to a group, as well as survival to date 
of all seedlings.
TABLE VII - Dates of cotyledon removal.
DATE PLANTED COTYLEDON
REMOVAL
# PLANTS # SURVIVORS
Jan. 31 Feb. 3 9 1
Jan 31 Feb. 7 18 6
Jan. 31 Feb. 1 0 18 8
Jan 31 Feb. 13 18 14
J a n . 31 Feb. 16 18. 1 2
Jan. 31 Feb = 2 2 18 13
Jan. 31 Controls 27 18
A decrease in length is apparent after 3 months (Fig. 5) although 
some growth does continue by addition of new stems. The surviving 
plants were transplanted to the out of door experimental gardens on 
April 30th, 1968.
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On December 1st, 1967, 4 flats of A. bisulcatus were planted 
with 28 plants each. In the first flat, cuttings were made on the day 
of planting. Three plants survived after one month. The second and 
third cuttings were made 3 and 6 days after planting respectively.
Five plants survived in each tray. The fourth tray was kept as a 
control; 1 0  plants survived after one month.
On the 1st of July, I repeated the cotyledon removal experiment 
under summer conditions in the greenhouse. Tables VIII and IX 
summarize the results for survival and growth in relationship to the 
time of cotyledon removal.
TABLE VIII - Effect on average stem length of bisulcatus after 
cotyledon removal,
GROUPS # PLANTS DATE OF
COTYLEDON
REMOVAL
AVERAGE STEM 
SPECIFIED #
4 7 10
LENGTH
DAYS
13
IN CM 
AFTER
116
. TAKEN ON 
PLANTING
19 27
A 24 July 14 7.3 11.4 17.5 19.5 25.6 27.5 43 0
B 24 July 17 7.0 13.7 22.5 28.5 35.5 40.5 44.5
C 24 July 20 6.3 1 2 . 8 2 2 . 6 28.0 30.5 42.0 50 0
D 24 July 23 6.7 11.3 17.5 24.5 30.0 36.0 44.8
E 24 Control 6 . 1 9.7 14.5 24 ,0 36.5 42.3 43.4
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TABLE IX - Numbers of survivors - count taken on specified days 
before and after cotylpdon removal, for A. bisulcatus
GROUP SURVIVAL COUNT‘ TAKEN ON SPECIFIED DAYS AFTER TRANSPLANT
4 7 1 0 13 16 19 27 30 days
A 24* 24 2 2 30 14 13 8 7
B 24 23* 2 0 16 14 13 13 11
C 23 2 2 2 2 * 2 1 19 17 13 11
D 24 2 1 2 1 19* 15 11 11 7
E
Control
23 23 18 17 16. 14 13 1 0
'indicates day on which cotyledon was removed from each group„
Plants in the experiment started July 1st, 1968 were reaped 
and analyzed for selenium. Remaining selenium in plants after cotyledc.i 
removal showed a good correlation to time of cutting, that is, plants 
in Group A in which cotyledons were removed after 4 days had the 
largest percentage of endongenous selenium removed. If expressed on 
a percentage basis, results would be as follows:
Group A - 50% endongenous selenium removed 
Group B - 30% *' " "
Group C - 25% " '* "
Group D - 30% " " "
Group E - 25% " " "
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Plants from the cotyledon experiment which were transplanted 
in April of 1968 to the experimental gardens flowered in May 1969 
and the seeds were collected in August 1969. Ninety percent germina­
tion was obtained from the seeds. Thirty seeds were placed in two 
tanks (15 seedlings to each tank) containing 0 ppm Se nutrient solu­
tion The remaining seedlings were planted in individual pots and 
p a'^d 1 1 the greenhouse
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DISCUSSION
I . A, bisulcatus as an Indicator Plant
A review of the results obtained from plant material collected 
on field trips again verifies the fact that A. bisulcatus is an 
indicator of Se soils. However, the areas covered on field trips 
throughout the Western portion of Montana were not very extensive.
It would be desirable to investigate for A. bisulcatus in many other 
areas, especially those presumably very low or deficient in selenium, 
e g  the Bitterroot Valley (Graham 1967) before final conclusions 
could be drawn that A. bisulcatus grows only in seleniferous areas
The distribution maps (Barneby 1964) for the most part have shown 
only one location for A. bisulcatus in the portion of the State west 
of the Continental Divide. If A. bisulcatus is an indicator, then a 
possible reason for its scanty distribution here could be that the 
volcanic activity and intrusions in the west came at an earlier 
period in geologic history than that of eastern Montana (Perry 1962}
It would probably then be only a matter of time until several out- 
rroppings of high selenium content in the west would be exposed
Plants collected in the east consistently had much higher con­
centrations of selenium than those collected in the west Others 
have shown that time of year and year of collection influence selenium 
concentrations for plants collected in the same locations (Beath et al 
1939). However, my collections were made at different times of the 
year and different years and tests showed a comparatively low level 
at all times. Tests made on plants grown in nutrient solution plus
35
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selenium at varying stages of development gave similar results.
II. Is selenium a possible micronutrient?
Until a second or third generation is obtained under selenium- 
free experimental conditions with bisulcatus or any other so-called 
indicator, the possibility of selenium being a micronutrient for some 
species of plants must still be considered. The results obtained 
in nutrient culture experiments with bisulcatus by Chessin dis­
agreed considerably with earlier findings, in that only slight 
differences in growth were apparent between plants in 0 ppm and 1 ppm 
Se, and only after 5 months of growth, unlike results reported by 
Trelease and Trelease, 1938, in which marked stunting was apparent 
after 3 weeks of growth with A. racemosus in 0 - Se solutions.
However, in a later experiment Trelease and Trelease (1939) did 
state that "the stimulation by selenium was less pronounced than 
found previously".
The results of the present experiments indicates only very 
slight stimulations when selenium is supplied to A. bisulcatus 
(Fig. 3a), although approximately half of the endogenous selenium 
was removed by washings before the seedlings were germinated.
Results obtained when racemosus was grown in 0 ppm and 1 ppm 
Se gave no evidence that Se acted to stimulate growth (Fig. 3b).
When both species were planted together (Fig. 2 and 3c) the results 
followed the same pattern as when plants were grown in separate tanks 
When the two accumulators were grown along with a non-accumulator,
A. drummondii, there were no obvious toxicity symptoms shown by the
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non-accumulator in the tank with 1 ppm Se (Figs. 4a ^ 4b).
After a review of experiments which indicated that selenium 
had a pronounced stimulating effect on the growth of A. racemosus 
and other so-called indicators, Beath made the following statement:
"To obtain final proof that selenium is an essential 
microtrophic element for these plants, it would be 
necessary to demonstrate that they could be carried 
through several generations on a selenium-free culture 
solution." (Rosenfeld § Beath 1964)
The above statement was one of the considerations in this study, 
Efforts to obtain seeds from bisulcatus were successful in one 
selenium-free nutrient culture as well as from plants presently in 
selenium-free soil of the University's experimental garden.
One small inflorescence from the nutrient selenium-free solution 
started in September 1966 was obtained in May 1967, resulting in 
approximately 20 seeds in August 1967. In May 1968 another small 
inflorescence was obtained from one plant which had been transplanted 
to the experimental garden in April 1968. Germination was unsuccess­
ful in both instances.
All plants in the experimental garden bloomed in May of 1969, 
and in August 1969 a large crop of seeds was obtained. The seeds 
were germinated in the manner mentioned previously in the methods 
section of this thesis. At the present time seedlings of bisulcatus 
are growing in pots in the greenhouse in selenium-free soil as well 
as in selenium-free nutrient solution. If the plants in pots 
survive, they will be transplanted to the experimental garden at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
38
the end of March 1970 in the hope of gaining another generation of 
seeds.
In order to obtain sufficient quantities of seeds either by 
nutrient culture or from the outdoor gardens* several aspects 
should be considered.
(a) A much larger number of plants must be established in 
the garden and in nutrient culture to ensure an adequate 
supply of seeds.
(b) Time of planting is probably important since there 
seems to be a relationship between plant development and 
photoperiod which results in flowering in late May to 
June. Also, experiments which were done in the periods 
of December 1967 to April 1968 showed more consistent 
growth and greater percentage survival when compared
to those carried out in the summer months.
III. Ways of Removing Endogenous Selenium
a. Cotyledon Removal
The results of cotyledon removal indicated that it is possible 
to remove the cotyledon as early as 4 days after the seeds have ger­
minated. At that time seedlings were only about one cm in length 
(shoot only). If removal is carried out when cotyledons are not 
completely open there is still a small percentage of survival. In 
the experiment that was conducted with cutting of cotyledons just 
before planting, survival rate was extremely low, as could be
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expected since it was difficult to prevent damage to the plumule 
with the technique used.
b . Washings of Seeds in Aerated Distilled Water 
This method was very effective in removing a large proportion 
of the endogenous selenium. Almost 75% of the total selenium was 
removed.
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CONCLUDING REMARKS
Perhaps one of the answers to the question of the essentiality 
of selenium lies in what experiments in the chemistry of the so-called 
indicators will show. Future work to determine the exact role of the 
seleno-amino acids in the metabolism of accumulator plants might 
contribute to the question of whether it is truly an essential 
micro-element.
If A. bisulcatus under experimental conditions produces a third 
or fourth generation of plants grown under selenium-free conditions, 
then it would appear that the species possesses one of two pathways 
for certain biochemic&l processes; one in which it is able to incor­
porate selenium into certain amino acids when growing under selenium- 
high soil conditions, and another in which this element is not 
utilized if the plant is growing in soil with unavailable selenium.
40
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SUMMARY
A. bisulcatus, o n e ,of the so-called indicators of seleniferous 
sub strates, was found in one location west of the continental divide* 
in the Deer Lodge Valley. Such selenium indicator plants may not 
necessarily require selenium for growth, since laboratory studies have 
shown that A. bisulcatus qnd another "indicator", A. racemosus, were 
not adversely affected by the lack of selenium in soil or nutrient 
culture.
Two methods were used to reduce the endogenous selenium in seeds 
used in these experiments: aeration in distilled water for several
days with repeated washings being discarded, and excision of cotyle­
dons at a very early stage of seedling development. Both gave good 
results in terms of seedling survival as well as removal of a large 
percentage of the endogenous selenium. A quick method of germination 
was worked out by allowing seeds to remain in the distilled water 
until they developed a radicle of approximately 3 cm. This resulted 
in ninety percent germination.
At present, A. bisultatus is being grown to try and obtain a 
third generation in selenium-free soil and nutrient cultures. Results 
of this present study indicate that A. bisulcatus can grow and reproduce 
in selenium-free or low selenium situations, as well as highly seleni­
ferous areas.
41
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A P P E N D IX
Sequestrene is a commercially prepared iron chelate and 
contains 6.0% iron as metallic. The compound was prepared in the 
lab to 2% Fe and used in the Hoaglands solution instead of the 
regular iron chelate.
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